
Jul -27-04 03 :08pm * From-WOODCOCK WASHBURN +2155683439 T-745 P. 11/23 F-326

WOatP INTELLECrUAl. PfcOPERTY OUGANIZATTON
Inicmaiional BureauPCX

INTERNATIONAL ApPUCATION PUBUSHED UNDER THE PATENT CX)OPERATIQN TREATY (PCT)

C25D IJ/36 Al
(U) lnl«riuili5Aa1 Publication Number:

C43) Invern^OoimS PuUiknfkin Date:

WO 9mm6
5 Maren 1998 (05-03.98)

(2l> InwrAnOoiHil AppUwUon Number: PCT/DK97/00344

(22) iRiernstianal Fains 26 Augusr IW (26.08.97)

(30) Priority 0itl4;

091(V96 29 August 1996 (29,08,96)

(71J Applicant (for ait Oe^i^na^ed Siaies except USy- DANFOSS
A/S IDK/OKI: DK-M30 Nomtjor^ (PK).

(72) Inv^ion; and

(75j Invmws/Apiiilcsim (for US cntyji WWRUM. Niels, Jan-

nikscn IPK/DKJ: Rfiahusvcj 59, DlC-2920 Cliartouenlund

(DK). CHJtlSTOKSEN, Erik [PK/DK); Hclkmpvej 1. DK-
2900 Helienjp (DK), STEENBEKG, Tharnas IDJOPK];

(74) Comiwin ReprwutHilvc: PaNFOSS a/S; Faicm Dcpt , PK-
6430 NortJborg (PKJ.

(gl) I>esignate4 Stetes: AM, AT. aU, BA, BG, BR, BY. Ca. CH,
CN. CZ, DE, PK. EE, ES,R GB, GE, HU, IS, JP, KR,

KZ, LT, tU, LV. MP, MK, MX, NO, NZ, PL, PT, RO.
RU. SE SG, SI SK.m UA, U5, UZ, VN. YU, Euiasian

parent (AM. aZ. BY, KG, I^Z, ?4p. RU. TJ. TM>, Euiopean

paccai (AT. BE. CH. PR DK, £S. FI, FR, CB, GR, IE, IT,

LU, MC. NU, PT. SE).

PuMteh«<t

(54) Title: METHOD FOR ELECTROCHEMXCaU PWOSFHaTING OF METAL SURFACES. PaRTICULARI-Y STAiNi-£SS STEEL.

ANP APPLICATION OF AN AQUEOUS PHOSPHATING SOLUTION FOR SUCH A MCTHOD

(57) AbstriCT

A mrtbod for eleawbcmlcal pbosphaiin^ of mcial surfacci, pamculariy wamlcw «iccl. in conuccTkm wiih cold fortiiing of mewJ

wortcpicm, w^i]C() mohod provides tbe cold formM wodc-piccc with a lubiKani after pbosphming. lOyolv^ tin cleorocbcmiul phosf^mimg

mroa0> a cathodic process applying an aqueous ptsospbftung soluaon concuining 0.S ro lOD s 0.5 to 100 g Zn'*^/!. 6 to 100 g

PO^^/U 0 to 100 g NOi /l. 0 to iQO g CIO37I and 0 to 50 g P or avL Dy wtiicft ihc ?wnpciaiure of d» soluaon « ftcwrcen 0 and 95 "C.

me pH-value of the solution i$ between 0.5 and 5. and rbe cuneni density is Demecn 0,\ and 2S0 mA/pxn^. 'Hils gives a good luoncacion

effect, it food adhesion ko the mcial surface, panicularly stalnicsc sicel, and ^ mon expeaient texture t9ian ordinary phosptwins-

\



Jul-27-04 a3:08pfn ' From-WOODCOCK WASHBURN +2155683439 T-745 P. 12/23 F-326

FOfi TUB PURFOSES CPmOMATION ONLY

Codes used vo idci^Tify Scatcv pany w HTT on ina from pages of psmphlen publisiim^ iniemanonal applcaucms under the KT.

LS LCM0M> 91

AM n l-T SK StovitJi

AT r» IV SN SCDCfll
AU <SA Oaten l-V SZ
AZ AzcfMUin GB MC TD
»A CE Cooifii MP ftcp»Cil« «f MoMovi TG TogaW GH GlUM MG TJ

TWkmcnrfnHE ON MK TM n
BF OR TR Turtey
BC Hli Hmgiiy m. M«li rr

l« Irtlaai) MN liA

BH 11 MK LC
»Y IS US UnAxi SAID^aTAiBc
CA IT MX liZ

CP Ceiml AfricBA Hppibttc JP N£ VN
cc vu
CN NO NOfVty zw
CI NZ
CM RopuOliC: of KqiH Pl- Pound
CN ICR KcjNiblic of Kgrev PT pQRUgftl

cu Cute KZ flO

C£ Cieeh Repd^lic LC RU
DE U 1 Ifffttfpifcitt SO
me tK Sn UMU $r
i» Ul SG



Jul-27-04 ,03:09prn' From-WOODCOCK WASHBURN

WO 98/09006

+2155683439 T-745 P. 13/23 F-326

FCTa>K97/00344

- 1 -

Method for eleccrocnemicaX phcsphaiilnq of meral 3ur£aces. par-

ticularly staxnless steel, and application ot an agaeous phos-

phating solution for ^uch a method

The invention concerns a method for electrochemical phosphating

of metal surfaces, particularly stainless steel/ m connection

with cold forming of metal woricpieces, which method provides the

cold formed workptece with a lubricant after the phosphating,

particularly molybdenum disulphide or sodium stearate. The in-

vention also concerns the application of an aqueous phosphating

solution with a method of the kind described above.

In connection with cold forming of metal workpieces^ e.g. steel

workpieces, it is known that a better result is obtained if the

cold formed workpiece is provided with a lubricant. It could be

a glass-based iubricanc melting during the strong heat develop-

ment/ thus having a lubricating effect, c,f, e.g. EP 0 043 639

Bl describing electroforetic application of a glaseous lubri-

cant, in this case on a iiicanium workplace, or the lubricant

could be e.g, molybdenum disulphide or sodium stearate. To ob-

tain a better adhesion of the lubricant on cold formed work-

pieces, a precoat is often added first-

Cold formed iron and standard steel workpieces are often pro-

vided with a precoat of zmc phosphate or zinc calcium phos-

phate, applied chemically during a pure immersion process, c.f,

US 4. 517,029, This process is not used with stainless steel due

to the increased corrosion resistance. Zinc phosphate can be

applied on iron, standard steel and zinc-plated steel through an

electrochemical process, cf, e.g. EP 0 653 502 A2, however,

thi3 process is used for corrosion protection and provision of a

substrate for paint.

Besides, it is known from Journal of Materials Science 29, 949-

953 (1994) to provide stainless steel with calcium hydrogen

phosphate rnrough a similar process when producing bio-implants.
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Summing up, iz can be stated that the state of the art shows an
extensive use of lubrication of cold formed worKpieces througn
immersion or clipping, whereas, to the besr of our knowledge,
electrochemical application has until now never been used for
cold forming.

According to the invention, it has turned out that electrochemi-
cal phosphating of metal surfaces, pamicularly stainless steel,
when cold forming metal workpieces, can be made with a good
result, when a lubricant, as e.g. molybdenum disulphide or so-
dium stearate, is applied on the cold formic bjor^piece after the
phosphatmg, when carrying through an electrochemical phosphat-
ing through a cathodic process using an aqueoas phosphatinq
solution containing;

0,5 to 100 g Ca^Vl

0,5 to 100 g Zn^Vl

5 to 100 g P0,^"/1

0 to 100 g m,"/l

0 to 100 g ClO^"/l and

0 to 50 g F" or Ci'/l

by which the temperature of the solution is between 0 and 95°C,

the pH-vaiue of the solution is between 0.5 and 5, and the cur-
rent density is between 0,1 and 250 mA/cm^

.

The addition of calcium to the phosphating solution involves
some surprising improvements during precipitation, as calcium
partly improves the initiation of the precipitation, partly
provides a more dense layer than pure zinc phosphate. The im-

proved initiation means that a lower current is required for the

precipitation, and the increased density and thus the decreasing
electrical conductivity of the precoat means that the process is

less sensitive to the geometrical configuration of the wor3cpiece

to be phosphatised. Thus the coating of e.g. the inside of a cup
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is possil^le, without requiring a chaage of the geometrical con-

figuration of Che anodSf whicn increases the applicability of

the process substantially when compared with the known proc-

esses. Further, the addition of calcium gives a reduced friction

when compared with pure zinc phosphate.

According to the invention methods in any of the claims 2 to 4

are expedient.

Thus, the invention concerns a method as stated in the describ-

ing part of claim 1, and this method is particular by using a

solution as stated ih the characterising part-

The invention also concerns the application of an aqueous phos-

pnating solution as stated m any of the claims 1 to 4 for elec-

trochemical phosphacing of metal surfaces, particularly stain-

less steel, by which the cold formed worKpiece are provided with
a lubricant after the phosphating, particularly molybdenum di-

sulphide or sodium stearate, particularly an application as

stated in claim 6.

The present invention enables precipitation of a phosphate layer

having a thickness appropriate for cold forming, and addition-

ally the applied addition of calcium causes an improvement of

the precipitation initiation/ improves the applicability of the

process for workpieces having a complicated geometrical configu-

ration, and reduces friction. Additionally, a polymer, when

added, is incorporated in and thus improving the coating. Be-

sides, the addition of F' gives a better adhesion, particularly

to stainless steel surfaces, and thus a more expedient texture

is obtained than with ordinary phosphating. CI" can be used

instead of f". The application of NO3" and/or clor limits the

formation of bubbles on the workpiece surface.

The following table shows a number of examples demonstrating a

series of typical rest results obtained by using the method
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accojrd4.ng to the invention. The properties of the precipitated
coatings are tested through cup pressing, by which a piston is
pressed against the workpiece placed in a die or a holder. When
measuring the piston pressure as a function of the cup height,
the decomposition of the lubricant film can be registered as an
increase in the piston pressure caused by increased friction.
The maximum cup height is the one at which the piston pressure
has increased to the same level as the static piston pressure
When starting the cup pressing.

It appears from the table that a known procedure (c.f. examples
1 and la) at a tempetacurc of 7o°c, puli^ating current and a
pulse-pause relation of 0,25 and a duration of the coating proc-
ess of 10 minutes will give a maximum cup height of 27 mm; the
obtained layer is very porous, has a poor adhesion and often is
"caked", i.e. in the form of flakes. The application of an aque-
ous phosphacing solution with the method according to the inven-
tion, c.f. examples 4 to 6, enables applying the precoat at
temperatures as low as 25°C, without requiring special equipment
for pulsation of the current, i.e. pure DC, and for a much
shorter time, approx. 3 minutes. Additionally, larger cup
heights can be obtained, c,f. examples 5 and 6, The use of a
water soluble polymer, c.f. example 6, for which an ordinary,
commercially available polymer {polyethylene glycol in the form
of PEG 1000) IS used, will give a more robust coating.

The coating obtained in accordance with the invention is very
tight and uniform, facilitates the handling of cold formed work-
pieces, and permits transport without risking that the coating
falls off. The method according to the invention can also be
used in connection with other processes than cold forming, e.g.
for corrosion protection and provision of a substrate for paint.
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Example
No. la
( comp *

)

Example
No. 2

Exaropie
NO. 3

[Nor]

[clorj

Current <iensit:y

Pulsation

Time

Temperai:ure

Workpiece mai:erial

Ot)T:^ined layer
thickness

costing

Lubricant layer
thicKness

Max. cup height
<in mm)

0,02 W

0.31 M

0

0.62 M

0,28 M

0.20 M

2

0

4 5 mA/cm'

0,5s pulse
2 5 paase

10 mih.

70"C

3tainle^5
steel

0.02 M

0.31 M

0

0.€2 M

0,28 M

0-20 M

2

0

45 mh/cm

0,5 s pQlse
2 s pause

10 min.

70°C

stainless
steel

0,02 M

0

0,44 M

1.09 M

0-41 M

0,32 M

2

0

4 5 mA/cm*

none

5 min-

Stainless
steel

43 t: 9 g/m' 43 i 9 g/m^ 65 ± 7 g/m"

2n,(P0J: Zn,(eOj^ Ca,(PO^)v

H0S2 Na-stearate MoS-^

12 3: 2 27 21 ± 5

0.02 M

0,11 M

0,22 M

0,65 M

0.23 M

0,24 M

2

0

72 mA/cm"

0,5 s pulse
2 s pause

10 «iin-

70^C

stainless
steel

47 ± 4 g/m^

Ca^).^^^7,5(P0,)^

20 ± 8

16.7 I 2,7 27,0 ± 1 24.4 1: 2,3 20.2 3: 1,6
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Example
NO. 4

Exairple Example
No, 5

Example
No. 6

r T" 1l« i 0 , 02 M 0.02 M 0

0 M u . uo ri U.Ob K

I V,C1 J 0-43 M 0.43 M 0,43 m
r &Tr^ T[NOj ] 0 . 57 M 0.57 M 0.57 M 0. 61 M

0 . 89 M 0. 89 M 0.8& M 0.33 M
ICIO4 j 0 0 0 0

pw 2 2 2 2

[Polymer] 0 0 Q 20 g PEG lOOO/l
Current density 43 mh/cm- 72 mh/cm^ 72 mA/Cm^ 30 mA/cm"

none none none none
Time 3 min. 3 min. 3 min- 3 mir.

.

Temperaxure 25"C 25"C 25"C 25-c

Worlcpo-ece material stainless stainless stainless stainless
steel steel steel steel

Obtained layer
thicKness 26 ± 7 g/m^ 4 4 i 4 g/m- 44 i 4 g/in^ 42 i 4 g/m^

Coacxng Ca?Zn(PO,) 2 CajZotPO^i)^ CazZn(PO<)^ Ca. ciXn, 4 (PO^)2

Lubricant M0S2 Na-3tearate Na-stearare
Lubricant layer
thickness 28 ± 5 36 i 7 18 ± 4 21 !!: 6

Max. cup nexgnt
(in mm) 22.7 ± 1.3 26.9 :t 1.1 >31,Q >3l,0
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Patent Claims

1, Method for electrochemical phosphatmg of metal surfaces,

particularly stainless steel, used with cold forming of metal

workpieces, which method provides the workpiece with a lubri-

cant after the phosphating, particularly molybdenum disul-

phide or sodium stearate, characterised in that an electro-

chemical phosphating is effected through a cathodic process

using an aqueous phosphating solution containing

0,5 to 100 g Ca^Vl

0. 5 to 100 g Zn-Vl

5 to 100 g PO/'/l

0 to 100 g mi /I

0 to 100 g C1Q//1 and

0 to 50 g F" or Cl"/1

by which the temperature of the solution is between Q and

95°C, the pH-value of the solution is between 0,5 and 5, and

the current density is between 0,1 and 250 mA/cm-,

2. Method according to claim 1, characterised in that the tem-

perature of the solution is approx. 25^0, the pH-value is 1

to 4/ and the current density is 5 to 250 mA/cm'-

3- Methoci according to claim 1 or 2, characterised in that the

aqueous phosphating solution contains

10 to 20 g Ca-'Vl

2 to 10 g Zn^Vl

30 to 90 g F04^V1

20 to 50 g NO3VI

0 to 40 g Clor/1 and

0 to 5 g r/1

4, Method according to any of the claims 1 to 3, cha^-actarlsed

in that additionally the aqueous phosphating solution con-
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tains 0 ro lOO g warer soluble polymer per licre, particu-
larly polyvinyl alcohol, polyetihylene glycol ^nd/or polyeth-
ylene oxide,

. Application of an aqueous phosphating solution as stated in
any of the claims 1 to 4 for electrochemical phosphating of
metal surfaces, particularly stainless steel, in connection
with cold forming of raetal workpieces, which method provides
the workpiece to be cola formed with a lubricant after phos-
phating, particularly inolybdenma disulphide or soctium

stearate,

. Application according to claim 5, characterisaa xn that
additionally the phosphating solution contains 0 to lOo g wa-

ter soluble polymer per litre, particularly polyvinyl alco-

^ hoi, polyethylene glycol and/or polyethylene oxide.
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